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Abstract
Among the avian used for human consumption, the Muscovy duck is well adapted to various climatic conditions 
and its breeding is widespread due to its easy handling, and its meat is widely consumed and appreciated, 
especially in the cuisine of northern Brazil. The present study aimed to report and identify taxonomically the 
nematodes found in the esophagus of Muscovy ducks reared and marketed in the municipality of Soure, Marajó 
Island, state of Pará, Brazil, and discuss its zoonotic potential to human. The samples consisted of 30 specimens 
of Cairina moschata domestica analyzed. A total of 258 nematodes were recovered, which were strongly fixed in 
the esophageal mucosa of hosts. The morphological and morphometric characteristics were compatible with 
Anisakis third-stage larvae.
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Resumo
Entre as aves utilizadas para consumo humano, o pato doméstico está bem adaptado às várias condições 
climáticas. Sua criação é muito difundida devido ao seu fácil manejo. E sua carne é amplamente consumida e 
apreciada, principalmente na culinária do norte do Brasil. O presente estudo teve como objetivo relatar e identificar 
taxonomicamente os nematódeos encontrados no esôfago de patos domésticos, criados e comercializados no 
município de Soure, Ilha de Marajó, estado do Pará, Brasil. E também discutir o seu potencial zoonótico para o 
homem. As amostras consistiram em 30 espécimes de Cairina moschata domestica analisados. Um total de 258 
nematódeos foram recuperados, fortemente fixados na mucosa esofágica dos hospedeiros. As características 
morfológicas e morfométricas foram compatíveis com as larvas de terceiro estágio de Anisakis.

Palavras-chave: Amazônia, esôfago, parasitos, patos, nematódeos, Anisakis.

Introduction
Among the avian used for human consumption, the Muscovy duck is well adapted to various climatic conditions 

and its breeding is widespread due to its easy handling (Béjcek & Stastný, 2002). Muscovy duck Cairina moschata 
domestica is widely consumed and appreciated, mainly in the local cuisine of the state of Pará, northern Brazil 
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(Almeida et al., 2014). Although they have great physical resistance, this species of duck is susceptible to different 
helminth infections (Gower, 1939).

Nematodes Ascaridoidea, particularly members of the Anisakidae are widely regarded as among pathogenic 
organisms for human health (Desowitz, 1986; Shamsi & Suthar, 2016). In Brazil, this family of parasites is represented 
by 4 subfamilies: Anisakinae Railliet & Henry, 1912; Goeziinae Travassos, 1919; Pseudanisakinae Petter, Paradiznik, 
Radujkovic & Cassone, 1991 and Raphidascaridinae Hartwich, 1954 and 10 genera: Anisakis Dujardim, 1845; 
Contracaecum Railliet & Henry, 1912; Pseudoterranova Railliet & Henry, 1912; Terranova Leiper & Atkinson, 1914; 
Raphidascaris Railliet & Henry, 1915; Hysterothylacium Ward & Magath, 1917; Pseudanisakis (Layman & Borovkova, 
1926) Yamaguti, 1941; Iheringascaris Pereira, 1935; Pulchrascaris Vicente & Santos, 1972 and Goezia Zeder, 1800, 
parasitizing different species of fish (Luque et al., 2011). The infections by nematode larvae from the Anisakidae 
family result in a combination of two factors: direct action of larvae during tissue invasion and interactions between 
the host immune system and the substances released by the parasites (Ubeira et al., 2000).

In Brazil, there are several records of anisakid nematodes parasitizing fish, some of them have zoonotic 
potential (Fontenelle et al., 2013). In 2017, the Brazilian Ministry of Health classified the biological risk of anisakid 
infection as belonging to Risk Class 2, where there is moderate individual risk and limited risk to the community 
and for which there are known prophylactic and therapeutic measures (Brasil, 2017). Larvae of some anisakids 
of the genera Anisakis and Pseudoterranova, in particular, have considerable significance to public health and the 
economy (Smith & Wootten, 1978; Bowen, 1990; Anderson, 2000; McClelland et al., 2000). Although there are many 
studies related to anisakid larvae in fish (Pinheiro et al., 2019), in avian these studies are scarce, especially when 
related to the life cycle of the parasites (Mattos et al., 2008). Thus, this study was to taxonomically identify the 
specimens of anisakid nematodes found in Muscovy duck raised in Soure, Marajó Island, through morphological 
and morphometric analysis and discuss its zoonotic potential to human.

Materials and Methods
Thirty specimens of C. moschata domestica, 19 females and 11 males (4-8 months) were acquired from rural 

properties in the municipality of Soure (0.54°12’05” S; 48°67’01”39 W), Island of Marajó, state of Pará, Brazil (Figure 1). 
The ducks were components of small flocks raised extensively with free access to the environment. The ducks 
were slaughtered on the farm by stunning with a club, cutting the blood vessels in the neck, exsanguination and 

Figure 1. Collection locality of Cairina moschata domestica in municipality of Soure, Marajó Island, State of Pará, Brazil.
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Ascaridoidea Baird, 1853

Anisakidae Railliet & Henry, 1912

Anisakis Dujardin, 1845
Main features based on ten third-stage larvae observed by brigthfield and scanning electron microscope: Body, 

12.09 mm (9.14–14.91 mm) length; width 195 (160–227). Larval tooth near oral opening oval (Figures 3a, 4a). Anterior 
end with three undeveloped lips and four cephalic papillae, two on the dorsal lip and one on each ventrolateral 
lip (Figures 4b-c). Ventral excretory pore located just below the ventrolateral lips (Figure 4c). Esophagus 1.00 mm 
(0.70–1.00 mm) length, 8.27% of total body length (Figure  3a). Rectangular ventricle, 345 (247–473) length, 
89 (60–127) width (Figure 3a). The length ratio of the esophagus and ventricle is 11.16% of the total body length. 

only the organs of the digestive tract were transported to the laboratory for analyze. In the laboratory, the organs 
were separated and placed in Petri dishes with NaCl 0.9% saline solution and examined using stereomicroscopes 
(LEICA ES2). The nematodes were recovered dead and fixed in a solution of AFA (93 parts of 70% ethanol, 5 parts 
of formaldehyde, and 2 parts of glacial acetic acid) and processed for brigthfield and scanning electron microscope 
(SEM) according to Pinheiro et al. (2019) method. Measurements are givens in micrometers unless otherwise noted 
and are presented as the mean followed by the range (minimum and maximum values) in parentheses. Taxonomic 
classification of nematodes was in accordance with Vicente et al. (1995b), Moravec (1998), De Ley & Blaxter (2002), 
Felizardo et al. (2009), Gibbons (2010) and Fonseca et al. (2016). The ecological indexes of parasitism were used 
according to Bush et al. (1997) and Bautista-Hernández et al. (2015).

Deposit of specimens: Four specimens (000240MPEG), (000241MPEG), (000242MPEG) and (000243MPEG) were 
deposited in the Coleção de Invertebrados of the Museu Paraense Emílio Goeldi (MPEG), Belém, Pará, Brazil.

Results
In the present study, a total of 258 nematodes were recovered from the esophagus mucosa of C. moschata 

domestica, with prevalence of 10%, mean intensity of 86, mean abundance of 8.6 and range of infection of 
1 to 243 nematodes per bird. All nematode specimens collected were identified as Anisakis sp. third-stage larvae, and 
were strongly attached in the esophageal mucosa (Figures 2a-b). Its taxonomic classification and its morphological 
and morphometric characteristics are presented below.

Figure 2. Figure 2. Macroscopic observation of the esophagus of Cairina moschata domestica: (a) Presence of Anisakis sp. third-
stage larvae (Arrowhead) in the early portion of the esophagus (*). Bar = 2 cm; (b) Esophageal opening in longitudinal section, 
with several Anisakis sp. third-stage larvae (Arrowhead) attached to the esophageal mucosa. Bar = 2 cm.
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Figure 3. Light microscopy of Anisakis sp. (L3 larvae) parasite of Cairina moschata domestica: (a) Lateral view of the cephalic region 
showing evidence a pointed tooth (pt), nerve ring (nr), esophagus (es) and ventricle (ve). Bar = 200 μm; (b) Detail of pointed 
tooth (pt), excretory pore (ep), nerve ring (nr) and cuticle with delicate transversal striations. Bar = 50 μm; (c) Posterior portion 
showing: intestine (in), rectum (r), rectal glands (*), anus (an) and the tail with mucron (mu). Bar = 50 μm.

Figure 4. Photomicrography by scanning electron microscope of Anisakis sp. parasite of Cairina moschata domestica: 
(a) Dorso‑lateral view of the cephalic region showing a pointed tooth (pt), deirid (de) and cuticle with delicate transversal striations. 
Bar = 50 μm; (b) Anterior end with three undeveloped lips (l) and four cephalic papillae, two on the dorsal lip (Arrowhead), oral 
opening oval (*). Bar = 20 μm; (c) Ventral view of excretory pore (ep) opening beneath the pointed tooth and cephalic papillae 
one on each ventro-lateral lip (Arrowhead). Bar = 20 μm. (d) Anus (an) and tail conical with mucron present (mu). Bar = 20 μm.
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Absent ventricular appendix and intestinal cecum. Distance from the anterior end to the nerve ring 200 (160–213) 
(Figures 3a-b). Three approximately spherical rectal glands (Figure 3c). Tail conical 66 (48–75), with a terminal 
mucron 24 (13–38) (Figures 3c, 4d).

Discussion
In the present study, the Anisakis sp. third-stage larvae (with retangular ventricle and mucron terminal) found 

parasitizing the esophagus of C. moschata domestica presented the same morphological and similar morphometrical 
characteristics observed in Anisakis spp. third-stage larvae reported in several Brazilian marine and brackish fish 
species (Timi et al., 2001; Felizardo et al., 2009; Saad, 2010; Fonseca et al., 2016; Fontenelle et al., 2016). In the 
species of the present study, the morphometric differences observed in the body size and its structures comparing 
with the Anisakis spp. third-stage op. cit. reported in Brazilian fish were considered as range of their measurements.

The present study reports the first occurrence of an Anisakidae species parasitizing Muscovy ducks in 
Brazil. According to Vicente  et  al. (1995b) the previous reports of Anisakidae parasitizing birds in Brazil were 
only of Contracaecum genus such as Contracaecum caballeroi Bravo-Hollis, 1939 in Falconiformes (Pinto  et  al., 
1994); Contracaecum crenulatum Schuurmans-Stekhoven, 1937 in Pelecaniformes (Rodrigues & Vicente, 1969); 
Contracaecum granulosum (Schneider, 1866) Baylis, 1932 in Suliformes (Rodrigues & Vicente, 1969; Vicente et al., 
1995a); Contracaecum microcephalum (Rudolphi, 1809) Baylis, 1920 Pelecaniformes; Contracaecum multipapillatum 
(Drasche, 1882) Baylis, 1920 in Ciconiiformes and Suliformes (Cram, 1927; Vicente et al., 1995a); Contracaecum 
pelagicum Johnston & Mawson, 1942 in Sphenisciformes (Rodrigues & Rodrigues, 1970); Contracaecum plagiaticium 
Lent & Freitas, 1948 in Pelecaniformes and Contracaecum sp. in Pelecaniformes (Travassos, 1945; Vicente et al., 
1993, 1995b).

In relation to that found by Anisakis sp. third-stage larvae that parasitize the esophageal mucosa of the Muscovy 
duck of Soure, in the state of Pará, in present study, special care should be taken when handling this bird for 
consumption by traders and consumers, as birds contaminated with these larvae infectious can cause human 
anisakiasis. Thus, reinforcing the importance of proper handling in removing the duck’s viscera, its correct disposal, 
avoiding the overflow of the larvae to the duck’s musculature or direct contact with the handler’s skin, these birds 
have a relevant role in local cuisine, even if they do not. whether it is a dish served raw, it is known that these 
parasites can cause allergy, when ingested or by contact, even after being cooked and dead (Audicana et al., 2002).

This is the first record of Anisakis sp. third-stage larvae in Soure, parasitizing birds, focusing on the food 
importance of the Muscovy duck for the region. Previously reports of Anisakis species in Brazil were involved 
with parasitism of commercial fish in different states (Luque et al., 2011). Based on larval morphology, reported 
the occurrence of Anisakis physeteris (Baylis, 1923); Anisakis typical (Diesing, 1860) Baylis, 1920; Anisakis simplex 
(Rudolphi, 1809) and Anisakis pegreffii Campana-Rouget & Biocca, 1955. In addition, different authors who report 
the occurrence of Anisakis larvae parasitizing commercial fish in different states from the Brazil. For northern Brazil, 
there are few reports of Anisakis larvae (see Salgado, 2010; Rodrigues et al., 2015; Fontenelle et al., 2016; Morey 
& Malta, 2018), and this low occurrence may be related to the strong influence of the Amazon River system. This 
makes the environment predominantly freshwater, with only minor invasions of some saltwater fish species in the 
estuary, which may possibly maintain the parasite cycle in these environments, as the Anisakis genus needs marine 
mammals to complete its life cycle. Gračan et al. (2012) reported the occurrence of Anisakis larvae in loggerhead 
sea turtle Caretta caretta in the Adriatic Sea, and these authors characterized this genus as a generalist nematode, 
which infect a wide variety of hosts.

On Marajó Island, birds are bred extensively making these animals generalists in their diet. Although poultry 
farming is strong in the region, fishing is one of the main commercial activities of the local riverine population, 
with fish being eviscerated on beaches or backyards, where Muscovy ducks act as a paratenic host when ingesting 
these infected viscera or becoming infected by filtering the water containing parasitized microcrustaceans. Aquatic 
and terrestrial mammals act as definitive hosts when feeding on these birds, which could be a hypothesis for the 
maintenance of the possible cycle of parasitism by larvae of Anisakis sp. on the Marajó Island (Figure 5). In general, 
the life cycle of the Anisakidae nematodes involves different intermediate hosts, and includes four larval stages 
(L1-L4) and adult parasites are found in the stomach and small intestine of the definitive host (Smith & Wootten, 
1978; Yoshinaga et al., 1989; Klimpel et al., 2008, 2010). For the Anisakis and Pseudoterranova, marine mammals play 
the role of definitive hosts, benthic and planktonic crustaceans are intermediate hosts, and fish and cephalopods 
(squid) acts as paratenic hosts (Gómez Sáenz et al., 1999; Ramos, 2011). Freshwater or marine piscivorous birds 
have played an important role in the transmission of anisakids to aquatic mammals (Garbin et al., 2007).
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In the present study, no adults of Anisakis were found parasitizing Muscovy duck on Marajó Island, only L3 larvae. 
Mattiucci et al. (2002, 2005) stated that larval stages of the Anisakidae have no host specificity and can be found in 
a wide variety of fish species. Because it is an environment with an immense fish biodiversity, the island of Marajó 
is based on using fish as a major food source, thus increasing the likelihood of transmission of the parasites to the 
ducks raised on the island, reinforcing the hypothesis that ducks erratically enter the cycle of this parasite when 
ingesting fish offal. According to the aforementioned authors, L3 larvae pierce the intestinal wall and remain free 
in the abdominal cavity or migrate to the viscera or muscle of the fish, where they encyst, conserving their capacity 
for infection, which is an alert for the population that uses Muscovy ducks as food.

Although the prevalence (10%) was low in this study, it still provides an alert of the possible zoonotic potential of 
this occurrence in Muscovy ducks. The first case of human anisakiasis was recorded in 1960, and nearly 13,000 cases 
were diagnosed between 1968 and 1989 in Japan, where anisakiasis is considered a public health problem (Van 
Thiel et al., 1960; Ishikura, 1989). Pereira et al. (2000) believed that due to the growing popularity of Brazilian 
restaurants and fast-food establishments specializing in Japanese food, it would be possible to observe the first 
cases of anisakiasis in Brazil. Cruz et al. (2010) reported the first case of this disease in humans by endoscopy of 
the gastrointestinal tract, the authors suggested possible contamination through ingestion of raw or undercooked 
fish meat.

The richness and diversity of members of the anisakids, their hosts and life cycle are not well established in Brazil. 
Previously reports of anisakids in the same biogeographic region were related to occurrence of Contracaecum sp. 
in Astronotus ocellatus, a commercial important fish for the Amazon region., where the occurrence of Contracaecum 
was also related to 16 orders, 49 families, 96 genera, 140 species and the “Patinga” hybrid morphotype, which 
is the result of interspecific hybridization between a female (F1) of Piaractus mesopotamicus and male (M1) of 
Piaractus brachypomus, all distributed in three aquatic habitats (Pinheiro et al., 2019). Although for Contracaecum 

Figure 5. Cycle proposal for occurrence of Anisakis sp. Cairina moschata domestica parasite on Marajó Island, state of Pará. 
(a) Adult nematodes reside in the stomach and intestines of aquatic mammals and eliminate non-embryonated eggs along 
with feces in the water; b-b1) Eggs in contact with water become embryos and develop into first-stage larva (L1), which hatch 
into a second-stage larva (L2) that actively swims; b2) Larvae are ingested by crustaceans (1st Intermediate Host), where they 
develop into third-stage larvae (L3) (infective stage); c) When fish ingested contaminated crustaceans, they become the second 
intermediate host (*), the L3 migrate to the muscle tissue in which they live; d) Piscivorous aquatic mammals may act as definitive 
hosts, starting the cycle again; d1) Humans may act as accidental hosts, being infected by eating raw or undercooked meat from 
infected fish; (d2) Muscovy ducks (paratenic host) are infected by ingesting the viscera of fish infected with L3, made available 
by fishermen when they are cleaning the fish for consumption. e) Humans may be infected by eating raw or undercooked meat 
from ducks accidentally infected with L3; e1) Aquatic and terrestrial mammals act as definitive hosts when they feed on these 
birds, which could be a hypothesis to maintain the Anisakis cycle on the island.
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the definitive hosts are piscivorous birds and for Anisakis they are aquatic mammals, fish are important because 
they act directly in the cycle. According to McCarthy & Moore (2000) an alternative explanation has been proposed 
to explain the increased presence of anisakid third-stage larvae in fish, which may be related to the decrease of 
definitive hosts (marine mammals: dolphins, whales, seals and sea lions), especially after the regulation of hunting 
of these animals in different countries, resulting in the concomitant increase in the level of fish contamination.

Conclusions
In the present study, Anisakis sp. third-stage larvae that parasitize the Muscovy duck and the bird are related 

as one of the paratenic hosts of this nematode. The zoonotic potential of these parasites must be considered, 
given the need for greater sanitary control in the consumption of these birds. Only third-stage larvae were found, 
because the duck acts as a paratenic host. However, this host act as a paratenic host can only happen if these 
ducks were ingested by some local predator. As an important fact the present study generates information for 
the parasitic fauna of C. moschata domestica in Brazil and alerts the population of Marajó, who uses these birds as 
food. Although the lining of the esophagus is not an edible part of the duck, it is known that this nematode causes 
anisakiasis; therefore, the population must be alerted by health surveillance to the risks of acquiring an infection 
and how to proceed to avoid it.
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